Between 1995 and 2001, 16 measuring points at small and medium sized brooks in the Harz National Parks were sampled. The samples have been evaluated by means of hydrochemistry and macroinvertebrate biology. Although nearly all streams are largely uncontaminated by oxygen-consuming substances, they are settled only by a small number of macroinvertebrate species. There is a clear correlation between this number and pH. The reduction in species number with decrease of pH is mainly caused by the absence of most Ephemeroptera, some Coleoptera and Trichoptera. Comparing biological evaluation of acidity with physico-chemical measurements, a unacceptable underestimation was found. The reason could be that different sensitivities to acidification between regional populations seem to exist. Despite of the low species number, there is a very specific macroinvertebrate fauna that emphasizes the conservation value of the Harz National Parks.
Introduction
The mountain Brocken (1142 m) and its surrounding area are of biogeographical, ecological, geological, historical, and cultural importance. The area is the habitat of the largest coherent natural mountain spruce forest in northern Germany. This spruce forest contains subalpine rock heaps and mountainous heaths. It also contains slope bogs and raised bogs where a high number of mountain brook springs can be found.
This natural heritage was acknowledged by the foundations of the Hochharz National Park (Saxony-Anhalt) in 1990 and the Harz National Park (Lower Saxony) in 1994.
Due to its high elevation, the Brocken region is an area of high precipitation. Therefore it works as a "rain catcher". The annual precipitation is about 1600 mm per year (KARSTE & SCHUBERT 1997) . The bedrock of the mountain Brocken consists of electrolyte-poor granite which promotes acidification.
The territories of the two national parks underlie various harmful external influences. These factors start to effect the quality of the environment and endangering biotopes in Harz National Parks (RATHS et al. 1995) : The Harz National Park (Lower Saxony) is additionally exposed to stronger anthropogenic influences such as settlement, street transportation, street runoff and the long-term effects of former intensive peat mining. Between 1949 and 1989, present Harz National Parks were located at the former border between East and West Germany. With the closing of the border in 1961, also collecting of scientific data became impossible in the eastern part. Thats why, with the foundation of the Hochharz National Park a complex environmental monitoring programme started as prerequisite of the national park management.
Since 1994, the Hochschule Magdeburg-Stendal has conducted hydrochemical and hydrobiological investigations of running waters. The monitoring programme has the following components: -Quantify the effect of seasonal influences on water quality. -Observe the disturbance to the brooks caused by tourism and traffic. -Indicate the lengthwise development of acidification in selected brooks. -Assess the macroinvertebrate communities in reference to water quality. This paper summarizes the main results of the monitoring programme until 2001. Different anthropogenic disturbances to water ecology are quantified and evaluated. Special attention will be directed to the influence of acidification on macroinvertebrate communities. Our results are compared with with findings from other regions. Finally, conclusions are drawn for priorities in further protection and development.
Materials and Methods

Study area
The national parks contain the upper parts of Harz Mountains. With areas of 8.900 ha (Hochharz National Park) respectively 15.800 ha (Harz National Park) they are located between Wernigerode, Bad Harzburg, St. Andreasberg, Braunlage and Schierke (see Fig. 1 ) Every year, the national parks attract about 4 Mio. visitors. Although national park administrations undertake a lot of efforts for an environmentally compatible development of tourism, such a high number of visitors may stress ecosystems in the protected areas.
Harz national parks are part of the watershed between River Elbe (with the tributary Kalte Bode) and River Weser (with the tributaries Ilse, Ecker, Radau and Oder). Our sampling area contains the upper reaches of these streams. These waterbodies are characterized by more or lesser high flow velocities up to 2 m/s. Their temperaStreams in the Harz National Parks (Germany) 311 ture never exceeds 8 °C at elevations of 800 m and very seldom 12 °C at 420 m. Streams show in almost all cases a natural morphology without anthropogenic disturbances.
Sampling points/frequency of sampling
From 1994 to 2001, 9 measuring points at small and medium sized brooks in the Hochharz National Park were sampled. In 1995, 7 measuring points in Harz National Park were included in this monitoring programme (Fig. 1) . The locations cover altitudes from 420 m to 880 m and represent locations where different types of human disturbances are believed to influence the quality of the environment. The following sites were selected: -near a highway (site 25), -near a railway line (site 2), -near trails (sites 1, 16, 19, 20, 22, 24, 26, 27, 28) , -without direct human influence (sites 7, 8, 12, 14, 23) .
These sites belong to following streams ( Fig. 1 From 1994 From to 1996 , between the month of April and November, hydrochemical parameters of the brooks were analyzed monthly. Estimation of pH at these points was continued in 1997 and 1998 over the same period of the year. In 2000 and 2001, estimation of pH and hydrochemical parameters were provided at the 10 most representative sites 1, 7, 8, 19, 20, 22, 23, 24, 25 and 26 . These sites contain flowing water all over the year, they are well-spread over the whole sampling area and they include all degrees of acidification.
Furthermore, pH lengthwise profiles of the rivers Ilse and Kalte Bode, were mapped 6 times in different seasons of the year (Fig. 2) .
To test the influence of hard rain and snowmelt to pH and aluminium concentration, we sampled site 19 (Kalte Bode) seven times during such weather circumstances over a period of 42 hours.
Hydrochemical and physico-chemical methods used are given in Table 1 .
Macroinvertebrates
For biological sampling, a handnet with a mesh size of 0.5 mm was used. Macroinvertebrates were collected twice a year between 1994 and 2001. They were collected at 16 stream sampling sites, and in 3 natural ponds, which are steadily flowed by streams at sites 1 (M6nchs- 
The abundance of species was classified on a scale of one to seven: 1 = one individual; 2 = rare; 3 = rare to common; 4 = common; 5 = common to frequent; 6 = fiequent,;7 = abundant, predominant. Organisms were determined according to AUBERT (1959) , ILLIES (1955) , RAUSER (1980) , ZWICK (1967 ZWICK ( , 1993a ZWICK ( , 1993b , STUDE-MANY et al. (1992) , ZELINKA (1980) , WARINGE]~ & GRAF (1997), FREUDE et al. (1971 FREUDE et al. ( /1979 , MOLLER-LIEBENAU (1969) , SCHMEDTJE & KOHMANN (1992) , BELLMANN (1993), and BAUERN~IND (1994) .
Evaluation of acidification
Physico-chemical and biological evaluation of acidification was done according to BRAUKMANN (2000 and 2001) who suggests a four-group classification scheme for acidity: 1 = never acid; 2 --episodically acid; 3 = periodically critically acid; 4 = permanently to very acid. The physicochemical evaluation did cover the complete sampling period. The spring and autumn samples from 1996, 1998 and 2000 have been used for biological evaluation. bruch), 16 (Ecker) and the head water of river Kalte Bode. Thats why they can be regarded as part of stream continuum.
Stream sections of approximately 100 m were sampled during different seasons (March to November). We combined kick sampling with hand net, sieving of gravel, and hand collection covering all substrate types. All collected organisms were preserved and brought into laboratory for further estimation.
Results
The majority of streams was nearly uncontaminated by oxygen-consuming waste. Due to the direct influence of highway 4, site 25 was the exception. Water quality data are shown in Table 2 . Fortunately, our search discovered no negative impacts of tourism on the waterbodies. Neither intensive hiking, nor railway tourism have any obvious influence upon the quality of these waterbodies. This may be due to the large quantity of runoff and good guiding system for tourists.
The high degree of acidification has the largest negative influence on waterbodies. The acidification is caused by atmospheric deposition and land use for spruce forestry.
In the headwaters of the river Bode and the river Ilse, we found a steady decrease of pH corresponding with increasing altitude. The river Ilse was found to be more acid than the river Bode.
In the river Ilse, acidic pH values occur at elevations of about 400 m while the river Kalte Bode is almost neutral from 650 m (Fig. 2) . As expected, pH does not remain throughout the year. Clear seasonal oscillations of pH and dissolved substances (Fig. 3) were found at both acidic and not so acidic sites. In early spring, pH reaches minimum values. The concentrations of nitrate and aluminium (AP +) are at maximum values. During dry summer months, pH increases while nitrate and aluminium concentrations decrease. Due to its dilution from the melting of snow, total organic carbon content (TOC) of the sites was found to have relatively low concentrations. The TOC increases in the summer months. Fig. 4 shows the influence of snowmelt and hard rain on pH and aluminium concentration. With increasing runoff, pH decreases at the episodically acidic site 19 by nearly one order of magnitude. Simultaneously, aluminium concentration doubles. 
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The results of direct pH measurements show that of our 16 sampling sites, eight are permanently acidic (sites 2, 7, 8, 12, 14, 22, 24, 26) , five are periodically acidic (sites 1, 16, 20, 25, 27) , two are episodically acidic (sites 19 and 28) and one is never acidic (site 23). In acidic streams, we find enhanced concentrations of A1 due to of the leaching effect. A positive correlation between pH and free aluminium was observed (Fig. 5) .
Deriving a linear regression function, we found no significant trend in mean pH values from sites within the same acidity class over a period of seven years. Fig. 6 shows the time series of pH from all class 4-acidity sites over seven years. In this figure, we see the results of high natural climatic variation between the different years with respect the time and intensity of snow melting and precipitation. Therefore, we need a monitoring programme implemented over a long period of time to detect any significant trends. Unfortunately -like mentioned above -research had no access to wide areas of Hochharz National Park between 1961 and 1990. The only measurement found was a pH measurement taken in 1961 at the river Kalte Bode (site 19) which had a recorded value of 6.1, approximately the same value as found today (archive of National Park Management Wernigerode, unpubl.).
The biological evaluation method according to BRAUK-MANN (2001) indicates better results than a physicochemical approach. In Table 3 , this bias is presented for the seven permanently to very acid sites (class 4). With a summary threshold value of 5, as discussed by BRAUK-MANN (2000), we found only slightly better correlation.
The difference between biological and physico-chemical evaluation results from steady or frequent occurrence of a few species classified by BRAUKMANN (2001) as "acidotolerant" (indicators of acid class 3): Amphinemura sulcicolIis, Leuctra hippopus, Capnia vidua, SiphIonurus lacustris, Elmis aenea and Hydraena gracilis.
Acidity is the limiting factor for species richness in small streams and brooks of our sampling area. We found a positive correlation between the pH and the number of species identified (Fig. 7) . For example, the rivers Ilse (site 20) and Radau (site 23) are comparable in size. Both have a natural hydroecomorphology. However, in the river Radau (pH = 7.2) 40 macroinvertebrate species were identified, whereas in the river Ilse (mean pH --4.79) only 12 macroinvertebrate species were found. The decrease of species number is mainly caused by the absence of most Ephemeroptera (except S. lacustris) and of some Coleoptera and Trichoptera species (Table 4) . HEITKAMP et al. (1985) and LESSMANN (1993) presented similar results from the western part of Harz mountains.
Under acidic conditions Leuctra pseudocingulata, Leuctra nigra, Leuctra inermis, Leuctra rauscheri, Protonemura auberti, Amphinemura sulcicollis, Nemoura cinerea and Nemoura cambrica were the dominant species observed among stoneflies. In the order of Trichoptera, Odonata species, three of 11 Ephemeroptera species, 10 Plectrocnemia conspersa, RhyacophiIa cf. dorsalis, R. cf. of 26 Plecoptera species and 9 of 23 Trichoptera species nubila, Drusus annulatus and Chaetopterygopsis maclachare included in any of the red lists of Germany, Saxonylani were the most frequently found (Table 5) . On the other Anhalt and Lower Saxony. However, the red lists of hand, 10 Trichoptera families and the large genus Lim-Saxony-Anhalt and Lower Saxony require revision. The nephilus were absent in all sampled waterbodies, higher altitudes of Harz Mountains are the main and pos-20% of all caddiesfly species, 26% of all mayfly sibly only habitat in Saxony-Anhalt for dragonfly species and 56% of all stonefly species that occur in the species Aeshna subarctica (RL 1) and Somatochlora Harz Mountains (HAASE & SCHINDEHOTTE 2000; BOHME alpestris (RL 1). Aeshnajuncea ( RL 2) and Cordule1997a Cordule , 1997b ; TAPPENBECK & BOHME 1997; HOI-IMANN gaster boltoni (RL 1) also inhabit these areas of the Harz & BOHME 1999) were found in our study area. All four Mountains in large populations. Streams in the Harz National Parks (Germany) 
Discussion
High flow velocities, great differences in runoff, rough stream bottoms with a substrate of rocks, stones and gravel, low water temperatures, oxygen saturation, and low electrolyte contents characterise the streams of the Hochharz Mountains. Low loading and good hydro-ecomorphological structures result normally in a rich aquatic fauna. Because of the acidification of most sampling sites, we found only a few sites with such fauna. Currently, in both national parks most elevations above 300 to 400 m are affected by acidification. Above 600 to 700 m, most of running waters are permanently acidified. The streams sampled in our study show species deficiencies of about 70 to 80%. HEITKAMP (1993) reported a amount of 60 to 70% for brooks in Harz mountains of Lower Saxony. It is evident in the presence of acidic waterbodies and with the extinction of mayflies, microphytophageous scrapers and filter feeders among the Trichoptera that the grazing stonefly species capitalize on these vacant niches and use them to increase their densities (HEITKAMP et al. 1985; LESSMANN et al. in MATSCHULLAT et a1.1994) . BALTES (1998) found in a study of southwestern German streams a shift in the proportion of scrapers and filter feeders versus predators and wood debris feeders with increasing acidity. Although the list of biological indicators of stream acidity (macrozoobenthos) by BRAUKMANN (2001) contains 56 taxa which tolerate a critical acidity periodically and 64 taxa that tolerate permanently acid conditionsat permanently acid sites in the Black Forest (BadenWiirttemberg) -only about 10 taxa similar to our case occur. Compared with other, non-acid and unpolluted streams in Harz Mountains like the river Selke and the river Wipper, where up to 87 taxa from the same taxonomic groups were present (TROSTLER & LI)DERITZ 2000), Hochharz streams taxa counts were very low. Benthic communities with a relative high taxonomic diversity and a functional integrity were confined to sites 23 (Radau) and 28 (Oder). They represent catchments with more suitable hydrogeological conditions, like the remarkable influence of greenstone and Devonian slate. Similar results were reported by LESSMANN (1993) for the western part of Harz Mountains. The low pH found in the most waters of the Harz National Park is a direct result of the low buffering capacity of the bedrock. Due to the geological variability, less effected waterbodies can be found in low distances from strongly acidified sites. BRANDY et al. (1999) gave an example for sites around Braunlage at the southern part of the Harz National Park. These marginal and isolated sites are essential for recolonisation of disturbed waterbodies after decreasing acid loads.
Comparing the biological evaluation of acidity with physico-chemical measurements, we found a significant lack of permanent to very acid conditions. These results are contradictory to the fundamental idea of BRaUK-MANNS method: biological evaluation cannot indicate a better acidity class than physico-chemical sampling. The benthic community as integrative monitor is exposed to all flow situations over the complete year, including acid waves in snowmelt and storm runoff. In physico-chemical investigation without continuous measurement, only the single values at sampling date and time were recorded. So one can expect that biological indication will also detect short extreme situations between the single measurements. However, we assume that standardizing of physico-chemical and biological evaluation up to a total correspondence was done for the specific conditions of the Black Forest Area in southwest Germany. Different sensitivities to acidification seem to exist between regional populations of some species. Our results indicate for the species Amphinemura sulcicollis, Leuctra hippopus, Capnia vidua, Siphlonurus lacustris, Elmis aenea and Hydraena gracilis a lower sensitivity to acidification than it was stated by BRAUKMANN (2001) . One possible reason is the genetic divergence in sensitivity to acid conditions between postglacial isolated populations. Another reason may be some taxonomical confusion in former studies BRAUKMANN'S list of indicator species should be modified with regard to the sampling region as presented (Table 6 ). This will lead to a better fit between physico-chemical measurements and biological indication of acidity.
A very specific macroinvertebrate fauna justifies the conservation value of the Harz National parks. Despite Table 5 . Macroinvertebrate species in streams and ponds of the Harz National Parks with special mention of red list organisms. of the low species number, the specific fauna is concentrated in bog ponds and headwater channels. Remarkable elements of these fauna are dragonflies (this study) and some rare water beetles (SPn'ZENBER~ 1994) . Main attributes of these fauna are tyrphophilic, acidotolerant/acidophlic, and cold stenothermic. Some of these species have in general an arctic-alpine distribution. We interpret their isolated Harz populations as glacial relicts. For instance, this is shown by the occurrence of the dragonfly species Aeshna subarctica, A. juncea and Somatochlora alpestris. Their preferred habitats are small bog ponds and puddles. They are adapted to high loads of huminic acids and low pH. Effects of anthropogenic acidification on these species are unknown. There is no doubt that acid conditions occur naturally in the upper reaches of streams in Hochharz region above 800 m. Runoff is naturally acidified by slightly buffered granite, acid bogs, and spruce forests, which are main elements of the headwater catchments.
The problem is that acid-sensitive elements of the fauna started to decrease at lower altitudes where they are normally common. This trend began in previous centuries when spruce forestry was extended to the lower altitudes of the Harz Mountains. Approximately 100 years ago, the drastically enhanced input of acid contaminants from the atmosphere (primarily sulphuric and nitric acids) struck a region with depleted buffer capacity. The "acid wave" was able to move downstream (RAPHAEL et al. in MATSCHULLAT et al. 1994 ). This so-called "combing effect" (atmospheric acids and needle-bearing trees) is considerable (BRAUKMANN 2001) . It can often result in acid inputs five times greater than that found in beech forests (WILPERT et al. 1996) . The prognosis of HEITKAMP (1993) emphasized for the running waters of the Harz Mountains would be gloomy. On the basis of his investigations from the eighties and early nineties of the last century and in the absence of a drastic reduction in the acid deposition, he expected that all brooks in the Harz Mountains would be acidified by the middle of this century, accompanied by severe degradation of the biocoenosis. But fortunately, the emission of atmospheric acids has decreased considerably due to progress in emission control in industry and traffic during the last decade. In this period SO2-concentrations were reduced by 80% (WILPERT, person, commun.), while NOx-concentrations have remain at a high level. Following these trends, in other regions like the Black Forest a slight improvement of the biological conditions in some streams was found by BRAUKMANN (2001) during the last years. He showed that the number of the most acid sites (class 4) decreased from 32 in 1992 to 25 in 1998, a reduction of 37%; and during the same period the number of class 3 streams declined from 49 to 31, also a reduction of about 37%. We did not find a corresponding development during the period of our investigations. The reason for the difference in findings may be due to the extreme exposure of the Hochharz region to emissions, which remain very high. The unavoidable geological situation provided by the very poor buffering capacity of granite as well as the monotonous spruce forestry adds to the observed problems.
How can one evaluate and counteract the recent acidification? The geological situation cannot be changed. A possible application of limestone to acidified catchments would be very expensive, but not sustainable. The bogs and several hundred hectares of spruce forests (Calamagrostio-Piceetum, Anastrepo-Piceetum, Betulo carpaticae-Piceetum) belong to the natural vegetation of the upper mountainous region. They cover a major part of the strongly protected zones of the national parks, without human activities. Human intervention into natural processes of these zones is not planned. However, an ecological change of forest structures outside of the strongly protected zones should be an aim for the next decades. The promotion of alder, ash, maple-tree and willow species in the presently spruce dominated lower regions would greatly reduce the combing effect. Re-settlement potentials for aquatic organisms, i.e. non-acidified streams at the margin of the national parks, should be strictly protected. Management of these streams must be focused on longitudinal passableness and ecological integrity.
Nevertheless, we must expect that acidification will continue to be a major problem for waterbodies in the Harz National Parks for a long time to come.
